This article was downloaded by: [University of Haifa Library]

On: 17 August 2012, At: 19:28

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Orientational Transition in
Nematic Liquid Crystal with
Hybrid Alignment under

Oscillatory Shear

M. V. Khazimullia ® , T. Borzsonyi ° , A. P.
Krekhova ® & Yu. A. Lebedev ?

% Institute of Molecule and Crystal Physics,
Russian Academy of Sciences, 450025, Ufa,
Russia

® Research Institute for Solid State Physics and

Optics, Hungarian Academy of Sciences, H-1525,
Budapest, P.O.B. 49, Hungary

Version of record first published: 24 Sep 2006

To cite this article: M. V. Khazimullia, T. Bérzsonyi, A. P. Krekhova & Yu. A.
Lebedev (1999): Orientational Transition in Nematic Liquid Crystal with Hybrid
Alignment under Oscillatory Shear, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 329:1, 247-254

To link to this article: http://dx.doi.org/10.1080/10587259908025946

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025946

Downloaded by [University of Haifa Library] at 19:28 17 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or

up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 19:28 17 August 2012

Mol. Cryst. Lig. Cryst., 1999, Vol. 329, pp. 247-254 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Orientational Transition in Nematic Liquid
Crystal with Hybrid
Alignment under Oscillatory Shear

M.V. KHAZIMULLIN?, T. BORZSONYIP, A P. KREKHOV?
and YU.A. LEBEDEV?

AInstitute of Molecule and Crystal Physics, Russian Academy of Sciences, 450025
Ufa, Russia and bResearch Institute for Solid State Physics and Optics, Hungarian
Academy of Sciences, H-1525 Budapest, P.O.B. 49, Hungary

The optical response of the nematic liquid crystal confined between plates with strong home-
otropic and weak planar anchoring (hybrid geometry) under the oscillatory shear has been
investigated. Critical shear amplitude above that the director deviates from the planar orienta-
tion at the substrate with weak anchoring was found and the dependence of the tilt angle on
the displacement amplitude was obtained. The anchoring strength and surface viscosity for
the SiO-evaporated substrate was estimated.

Keywords: orientational transition; oscillatory shear; anchoring energy

INTRODUCTION

The orientational behavior of nematics in oscillatory flow has generally been
studied in the case of strong surface anchoring at the bounding plates.
Recently the optical response of a homeotropically oriented nematic layer
with weak surface anchoring under the oscillatory Poiseuille flow was
investigated and the surface energy for the glass substrate covered by the
chromium-distearyl-chloride was estimated!'!. The problem of the influence

of the weak anchoring on the orientational dynamic of nematic layer bounded
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by the substrates with the bistable anchoring in electric field has also
attracted much interest!*!.

In this paper we present the study of the optical response of a nematic
layer in hybrid geometry (weak planar anchoring on one substrate and strong
homeotropic alignment on the other) subjected to oscillatory rectilinear shear.
We used the oblique SiO-evaporated glass plate with microrelief provided
weak anchoring for planar alignment. Varying the oscillatory flow amplitude
the possibility of the flow induced orientational transition due to the weak
planar anchoring may be analyzed. In order to increase the optical response
and the hydrodynamic torque acting on the director the hybrid alignment was

chosen.

EXPERIMENTAL

The nematic liquid crystal (MBBA) of thickness d is confined between two
parallel horizontal glass plates (see Fig. 1) without spacers. The oblique SiO-

evaporated glass plate with microrelief® provided weak anchoring for planar
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FIGURE 1 Experimental setup.
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alignment (upper plate) whereas the strong homeotropic alignment was
achieved by using SnO,-coated float glass plate (bottom). The bottom plate is
rigidly fixed to a brass block, which is adjustable in order to control the
parallelism of the glass plates (better than 0.5 pm/cm). The temperature of
the brass block is kept at 25.5 0.7 °C. The upper plate is attached to a steel
rod, which is bound to the membrane of a loudspeaker, driven by a signal
generator. The motion of this plate is in the direction of planar orientation (x-
axis) and is monitored by a semiconductor position-sensitive detector. All
measurements were carried out at fixed frequency f=42 Hz and the cell
thickness was d—+40 £ 0.2 um. Using a sine excitation the displacement of the
upper plate is ideally of the form x(1)=A sinfw t) where w=2rx f. For the
amplitudes up to 4=+0 um the director oscillates uniformly within flow plane
(x-z) and no pattern forming instabilities are observed. The transmitted light
intensity was measured by a semiconductor detector using parallel light
(source: diode laser, wavelength 1=670 nm) between crossed polarizers. The

details of this experimental setup are published elsewhere!®!

RESULTS AND DISCUSSION

Signals for a typical upper plate motion and corresponding transmitted light
intensity variation in time are shown in Fig. 2 for two shear amplitudes. The
transmitted light intensity /() between crossed polarizers is imposed by the

optical phase difference &) depending on the director distribution &z,.2)

I -Losin®(&(1)72), where & (1) = ZT”IA” 6(2.0))dk

s a 172
An, 8(3,0))=n|1- 2 ,”" cos” @t -, )
& ) o F) v

n

.

and Jj is incident light intensity, A is the wavelength of the light, d is the cell

thickness, n, , n. are the refractive indices. The angle between the plane of
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director oscillation and the polarization of incident light is 45°. The director
oscillations get larger as the shear amplitude A is increased resulting in a

larger change of the phase difference during one period.

(a)

| S S R S 2 §

Ls

FIGURE 2 The time dependencies of the transmitted light intensity
I(1)/Fo (V) and upper plate displacement x(2)/d (O) for shear amplitudes
A=52 um (a) and A=712.1 um (b). Curves for /() (- - -) are
calculated at =0 °(a) and &=4.9° (b).

The equations governing the director behavior and the flow can be written in
our case (Fig. 1) as'™®!
718, - (axsin’8- ascos’6) u .=

(K 1c08° 0+ K 335in° 6) 8-+ (K35-K 1) sin@cos8 6°; (2)

Pt Ef~(asin’ 8 -a;c05° 6) 6, + [M(6) + N(Q) Ju -} 3)
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where K; are the elastic constants, ¢, are the viscosity coefficients, y;=a; -a,
2M(G =a+(as -az )sin° 6, 2N(G)=(as+ as+ 2a; sin*8)cos’ , p is the density
of liquid crystal. The notation f, = /& has been used throughout. The
corresponding boundary conditions for angle #and velocity u are
Kz=d)=8;, Qz=0)=72; u(z=d)=Awcosax, u(z=0)=0 (4)

The director distribution under oscillatory flow &%z was obtained from the
numerical solution of the system (2), (3) with boundary conditions (4) for the
MBBA material parameters'®'® (a:--110.4-10° N-s/m?, az=-1.1-10"° N-s/m’,
K;=6.66-10""° N, K;5=8.61-107"° N, p=10" kg/m") and the cell thickness
d=40 um. The angle 6, on the upper plate was found from the fitting of the
experimental dependence /(1)/1, and the calculated one using Eq.(1). The
refractive indices n,=1.542, n,=1.7435 are interpolated from!"!! for A-670
nm. Qur calculations show that even rather small variation of the pre-tilt
angle 6 by # 0.5% leads to a significant changing of the signal shape of
optical response I(1)/l, . This allows us to determine the dependence of this

angle 6 on the flow amplitude with a high accuracy (Fig. 3).
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FIGURE 3 The dependence of the tilt angle 6, at the substrate with
weak planar anchoring on the displacement amplitude 4.
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It is clearly seen that at the critical amplitude A.=7.5 um the director at the
upper substrate starts to deviate from the planar orientation and angle 6
arises with increasing of amplitude 4.

In Fig. 4 the relative intensity of the transmitted light measured at the
moment corresponding to the maximum displacement of the upper plate

Ima/ly is plotted as a function of amplitude 4. The results of simulation of

FIGURE 4 The intensity corresponding to the maximum displacement:
experimental data (), calculated for strong planar alignment 6,=0 (- - )
and taking into account 6y(4) from Fig. 3 (—).
Imax/ly for “real” variation of the surface angle 6,(4) (see Fig. 3) show a good
quantitative agreement with experimental data in contrast to the l...7y
calculated under assumption on the strong planar anchoring (&=0).

Let us make a rough estimate of the anchoring strength from the critical
flow amplitude. For the dynamical case the following boundary condition
should be satisfied"

(K” cos’ 8 + K, sin’ 9)6—0 +-afi + % _ 0

dz 06 o

where F; is the surface energy per unit area in x-y plane and must possess

on z=d (5)

minimum at @=0 ; n is so-called surface viscosity (has the dimensions of



Downloaded by [University of Haifa Library] at 19:28 17 August 2012

ORIENTATIONAL TRANSITION IN NEMATIC [865)/253

viscosityxlength). Linearizing the boundary condition (5) around £=0 one
obtain for the perturbation 16, /<<t

2, OF, . 00
"a e e

In oscillatory shear flow one have two boundary layers'

K 0 on z=d (6)

D211 of the thickness

of order I ~ [K1,/(2 1 @]'? at z=0, z=d and for small relative displacement
amplitudes 4 /d<<{ one can write

06, N_ﬁf_g‘_]_ , %z.wgl on z=d @)
oz d 1 ot

Using the Rapini-Papoular form for the surface energy!'¥! F,=W/2 sin’@ and

Eq.(7) one can estimate the anchoring strength

Al
WK, 7‘7-4-(917 8)

Neglecting the surface viscosity (7=0) one gets (A.=7.5 um, d=40 ym, I~
0.34 um) for the anchoring strength W~ 3.7.10° N/m. This value is
obviously smaller than W,=(7.641.2)-10° N/m which we found from the
measurements by means of Freedericksz transition technique in magnetic
field for the MBBA layer confined between two SiO-evaporated substrates
with weak planar anchoring (identical to the upper plate in present
experiments). Note, that using boundary conditions (5) with n-0 in
oscillatory Poiseuille flow experiments!”! also gives smaller value of
anchoring strength compare to the independent static measurements. Finally,
taking the value W, for the anchoring strength, from Eq.(8) one will have for
the surface viscosity #7=2.7-10” N-s/m.

Thus, the surface orientational transition planar — tilt in MBBA hybrid
cell with strong homeotropic and weak planar anchoring induced by
oscillatory flow has been revealed. From the comparison of the experimental

data with the results of direct numerical simulations the critical amplitude for
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the orientational transition and the dependence of the tilt angle at the
substrate with weak planar anchoring on the flow amplitude were found. It
was shown that neglecting the surface viscosity in the interpretation of

dynamic experiments leads to underestimating the anchoring strength.
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